The purpose of this review was to identify the prevalence of major depression in individuals with type 2 diabetes by means of a systematic review and meta-analysis. An electronic search was conducted for relevant studies published from January 1988 to December 2014. Cross-sectional and case-control studies in adults that evaluated the prevalence of major depression in individuals with type 2 Diabetes Mellitus were included. Meta-regression and sensitivity analyses were used to identify the sources of heterogeneity. Publication bias was assessed using a funnel plot and Egger's test. After the selection process, 18 cross-sectional and four case-control studies were included in the meta-analysis. In total, the occurrence of major depression was investigated in 5554 patients with diabetes mellitus type 2. The prevalence of major depression varied from 6.67% (95% CI: 4.54% -9.38%) to 55.38% (95% CI: 42.53% -67.73%), with an overall average of 21.13% (95% CI: 15.80% -27.66%). In American continent, the prevalence was 20.83% (95% CI: 13.12% -31.43%; I²=96.8%), and in Europe it was 18.00% (95% CI: 8.58% -33.91%; I²=93.8%). Both were lower than the rate in Asia, which was 23.49% (95% CI: 15.63% -33.74%; I²=90.8%). Meta-regression analysis found no evidence that the analyzed cofactors represented the cause of the heterogeneity seen. The approximately symmetrical distribution of the points in Funnel Plot suggests an absence of publication bias that was confirmed by Egger's test (p=0.2345). Based on the data collected, we can infer that the prevalence of major depression in individuals with type 2 diabetes was high, independent of geographic location.
Introduction
Diabetes Mellitus (DM) is an important public health issue because it increases the risk of cardiopathies, stroke and microvascular complications, such as blindness, kidney failure and peripheral neuropathy [1] .
In general, DM is characterized by high levels of glucose in the blood as a result of insulin failure, and it is considered a heterogeneous disease because of its multiple aetiologies [1] .
Type 2 Diabetes Mellitus (T2DM) is the most common form of this disease. In addition to factors such as lifestyle, age, pregnancy and obesity, genetics may be involved in the pathophysiology [1] .
The relationship between DM and psychiatric disorders has been described in many studies. These studies indicate that depression is considered a psychiatric comorbidity associated with DM that affects approximately 20% of patients with DM [2, 3] .
Depression as a psychiatric disorder is defined by significant changes in mood in phases that vary in intensity and duration. The clinical profile is characterized by depressed mood, anhedonia, decreased ability to think, concentrate or make decisions, changes in sleep and appetite, reduced sexual interest, and social withdrawal, among other symptoms [4] .
Some studies suggest that people with diabetes are more likely to develop depression [5, 6] . Even an early diagnosis of diabetes is strongly linked to the relative risk of depression and increased blood sugar levels [7] . Longitudinal studies suggest that comorbid DM and depression is associated with high mortality rates [8] [9] [10] . The 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM) [4] reports that the prevalence of Major Depressive Disorder MDD in the USA is approximately 7% and that it is more commonly observed in women (rates 1.5 to 3 times higher than in men) starting in adolescence [4, 11] . Some researchs suggests that there is a higher mortality associated with depressive symptoms in elderly patients with chronic diseases, such as DM [12, 13] . Furthermore, a diagnosis of depression infers an increased risk of non-adherence to medical recommendations [14] .
Some studies have suggested an association between MDD and T2DM, which can lead to impaired glucose control and worsen the clinical condition of the individual [4, 11] . Several meta-analyses have investigated the association between depression and T2DM [2, [5] [6] [7] [15] [16] [17] [18] . However, they did not evaluate the relationship between T2DM and the severity of depression. There are few systematic reviews and meta-analyses that have previously evaluated the association of severe depression with T2DM, this study aims to provide evidence for this relationship. The findings from this research may help in the development of early screening strategies for diagnosis of depression in patients with T2DM, resulting in a better quality of life, improved adherence to and success of treatments and empowerment of individuals and professionals who care for these conditions in their daily lives.
This paper aims to estimate the prevalence of MDD in people with T2DM through a systematic review and meta-analysis.
Methods

Search strategy
An electronic search was conducted on MEDLINE (via PubMed), EMBASE, LILACS, Scopus, Cochrane's Central Register of Controlled Studies, IBECS, BIOSIS and Web of Science for relevant studies published from January 1988 to December 2014, using MeSH descriptors and synonyms, including "depression", "major depressive disorder", "severe depression", and "Type 2 Diabetes Mellitus". The terms were combined using the Boolean operators "AND", "OR" and "NOT".
Later, we searched for references that were listed in all of the primary studies found through the electronic search and researched the grey literature. Our meta-analysis addressed only studies in humans and there were no language restrictions.
Initial analysis of the identified titles and abstracts from the database search was performed independently by four researchers. Potentially relevant publications that met the necessary criteria were selected to be read in full by the same researchers. In both phases, disagreements regarding the inclusion or exclusion of a study were resolved by consensus, involving another researcher.
Study selection
We collected data related to the publication year, country, age, gender, and other sociodemographic characteristics of the subjects in addition to the number of individuals with MDD and T2DM.
For the meta-analysis, the data on the prevalence of MDD in subjects with T2DM were grouped using a random effects model [19, 20] . The heterogeneity was quantified by τ², Cochran's Q test, and the inconsistency presented by I² [21, 22] , which describes the percentage of variability that is due to the variability between studies and not to chance [19] .
Because of the identified heterogeneity, sensitivity analyses were performed to identify the associated cofactors for each continent where a study was conducted. Potential cofactors were also analyzed using meta-regression (using the variables publication year, age, duration of diabetes, duration of MDD, and HbA1c mean).
In addition, case-control studies were summarized using the random effects method [19, 20] , and the calculation of heterogeneity was also quantified by τ², Q Cochran's Q test, and the inconsistency by I² [21, 22] . In studies in which only one of the 2 x 2 contingency table cells showed a value of zero, the value added was 0.5 to facilitate the calculation of the odds ratio. However, studies in which the value 0 (zero) occurred in more than two cells were excluded from the analysis [19, 23, 24] .
The possibility of publication bias (the trend that studies with negative results are less likely to be published) was evaluated by the Egger's test [25] and analysis funnel plots [26] . In these charts, each point represents one study, a measure of effect or prevalence, and standard error, for example [26] . In cross-sectional studies, a logit transformation was conducted to analyze the prevalence of publication bias.
Meta-analysis was performed using R 3.1.1 software (Comprehensive R Archive Network, http:// cran.r-project.org/), and the graphical representation of the results was made using forest plots [27] [28] [29] .
Results
Through data collection from the databases mentioned above, we found a total of 387 publications with the potential for inclusion in our study and identified one additional study, resulting in 388 references to be evaluated. Next, we analyzed the title and abstract, of which 165 were selected to be read in full. After reading the full articles, 22 articles were selected, with the remaining excluded because of data duplication, data failure, association with specific diseases, a non-validated method or unclear diagnosis, and/or an unspecified subtype of diabetes. These 18 cross-sectional studies and four control cases were included in the meta-analysis. This process is shown in Figure 1 . The researcher agreement on the eligibility of the studies was excellent (k=0.91).
Studies were published between 1995 and 2013 and evaluated 5554 patients with T2DM. The prevalence of MDD ranged from 6.67% (95% CI: 4.54% -9.38%) to 55.38% (95% CI: 42.53% -67.73%), with an overall average of 21.13% (95% CI: 15.80% -27.66%), as shown in Figure 2 . Heterogeneity found in the evaluation of cases was high (I²=95.6%; τ²= 0.5506; p<0.0001). Of the included studies, three were conducted in Europe [30] [31] [32] , six in Asia [33] [34] [35] [36] [37] [38] , and nine in the Americas (North, Central and South) [39] [40] [41] [42] [43] [44] [45] [46] [47] . (Figure 2 ) Sensitivity analyses were performed for each country in order to examine the heterogeneity. In the Americas, the prevalence of MDD was 20.83% (95% CI: 13.12% -31.43%; I²=96.8%), and in Europe it was 18.00% (95% CI: 8.58% -33.91%; I²=93.8%). Both of these were lower than the prevalence in Asia, which was 23.49% (95% CI: 15.63% -33.74%; I²=90.8%). The heterogeneity was high within studies from the same continent but not between groups (between continents; p=0.7874).
Based on the profile of the studied individuals, our research revealed a predominance of women (n=2802) compared to men (n=2221), as shown in Table 1 .
The average age of individuals with T2DM and individuals with MDD was approximately 59 years.
The time since diagnosis of T2DM and T2DM associated with MDD show a difference of 2.97 years between the first and second group. The analysis of glycosylated haemoglobin (HbA1c) showed differences between the same groups mentioned above. While the T2DM group had a mean of 7.72, the group with MDD had an average of 8.01 in these test results. Figure 3 summarizes the four case-control studies [48] [49] [50] [51] according to their odds ratio (OR). In this analysis, we found a statistically significant association between the occurrence of MDD and T2DM (OR=2.06; 95% CI: 1.13 to 3.74; p=0.0174), and the heterogeneity between the studies was moderate (I²=66.4%; τ²=0.2374; p=0.0304). We explored the possible causes of heterogeneity in the 18 cross-sectional studies using metaregression analysis. We included clinical cofactors (age, duration of diabetes, duration of MDD and mean HbA1c) and publication year. Based on the meta-regression analysis, we found no evidence that these cofactors represented the cause of the heterogeneity (Figure 4) .
The publication bias analysis of the 18 cross-sectional studies is shown in the presented funnel plot in Figure 5 . In this graph, the logit of the prevalence of the analyzed studies is on the x axis, and the standard error of each study is on the y axis. The approximately symmetrical distribution of the points suggests an absence of publication bias that was confirmed by Egger's test (p=0.2345).
Discussion
Psychiatric aspects related to DM have been studied and described for over 100 years [52] and can influence the disease course.
MDD results in several neurochemical and hormonal changes that have hyperglycemic effects and may cause disturbances in glucose metabolism. DM also has neurochemical effects on central nervous system neurotransmitters, such as serotonin, norepinephrine and dopamine, mimicking what happens in MDD and leading to decreased function of monoamines [53] . The combination of these biological changes in both conditions helps explain the frequency of depressive symptoms and MDD in people with DM.
The 21.13% (95% CI: 15.80% -27.66%) global average prevalence of MDD and T2DM revealed in our meta-analysis (prevalence ranged from 6.67% (95% CI: 4.54% -9.38%) to 55.38% (95% CI: 42.53% -67.73%), showed high heterogeneity between the studies. To investigate the influence of study origin, a sensitivity analysis by continent was performed. This analysis showed that heterogeneity occurred within groups (between countries of the same continent) with Europe, 18.00% (95% CI: 8.58% -33.91%; I²=93.8%); Asia, 23.49% (95% CI: 15.63% -33.74%; I²=90.8%); and the Americas, 20.83% (95% CI: 13.12% -31.43%; I²=96.8%), and did not occur between groups (between continents -p=0.7874). Through our meta-regression analysis, we found no evidence that the cofactors considered represented the cause of the observed heterogeneity.
A recent study on depression in an elderly population in Mexico [54] showed that institutionalization and depression are closely associated. Another study [55] suggested that depression occurs more frequently in clinical populations; while depression is often found in 5% to 10% of those in outpatient care, these rates double in hospitalized individuals, ranging from 9% to 16%.
Furthermore, T2DM, which is prevalent in 90% to 95% of people with diabetes and is also referred to as non-insulin diabetes, T2DM or adult onset diabetes [56] , is not frequently diagnosed in the early stages of the disease. This is because hyperglycaemia develops gradually, and at early stages, it is often not severe enough for the patient to note any of the classic symptoms. However, this condition presents with an increased risk of developing macrovascular and microvascular complications [56, 57] . Therefore, we believed that the time from diagnosis may have had an influence on the differences found in our study, as the time from diagnosis of T2DM to the time of the survey ranged from less than six to over 30 years. In our meta-regression analysis, we observed this covariate to be significant (p=0.0955) and can thus be associated with the presented heterogeneity (r²=49.53%).
At the same time, we observed in the studies that individuals with MDD associated with T2DM appear to have a longer disease duration.
We are also aware that the risk of developing T2DM increases with age, obesity and lack of physical activity [57] . Insulin secretion is deficient in these patients and insufficient to compensate for insulin resistance. While this can be improved by weight reduction and/or pharmacological treatment of hyperglycaemia, it is rarely restored to normal. The average age of the participants in the included studies indicated they were of an older population, which corroborates previous studies and reinforces the association of age-related complications of T2DM. Nevertheless, age is not the only determining factor related to depression [57] . DM is also associated with hypertension, and dyslipidemia. Furthermore, different prevalence rates in various racial and ethnic subgroups suggests there may be more of a genetic predisposition in T2DM than with the autoimmune form of diabetes (type 1). However, the genetics of T2DM is complex and not clearly defined [56, 57] .
Since 2009, the level of glycosylated haemoglobin (HbA1c) has been included as an additional tool for the diagnosis of DM. HbA1c is an accurate measure of chronic glycemic levels and, among other advan-tages, is well accepted by patients because it does not require fasting or other prior preparation. It can also be used to guide treatment decisions [57] .
The objective of treatment is glycemic control, which in turn, aims to prevent macrovascular and microvascular complications of long-term T2DM, preventing or minimizing most episodes of severe hypoglycaemia and enabling a good quality of life [58] . The American Diabetes Association (ADA), together with the American Association for the Study of Obesity (NAASO) and the American Society for Clinical Nutrition (ASN) suggested a decade ago that the initial therapy for the management of DM should be an intervention in lifestyle, including nutrition counselling with reduced saturated fat intake, increased intake of high-fibre foods, and an incentive to reduce body weight [59] .
The changes in eating habits and adoption of interventions with multiple steps mentioned above, as well as regular insulin injections and daily glucose monitoring, can positively affect the health of the patient. However, individuals with DM should still consider that they will be living with a disease that has serious clinical complications for the rest of their lives. These considerations may influence the attitudes of individuals with DM. Moreover, according to Gross et al. [60] , depressive symptoms can have a negative impact on important factors associated with self-care of patients with DM.
In terms of the methods used for the diagnosis of MDD, several validated scales were found in the studies included in our systematic review. These included the Beck Depression Inventory (BDI) first and second edition (BDI-II), the Center for Epidemiologic Studies Depression Scale (CES-D), the Geriatric Depression Scale (GDS) and its Thai version, the Taiwan Geriatric Depression Scale (TGDS), the Hamilton Depression Rating Scale (HDRS), the 10th edition of the International Classification of Diseases (ICD-10), the Patient Health Questionnaire -normal (PHQ-9) and short (PHQ-8) versions, the Structured Clinical Interview for DSM-IV (SCID), the Zung Depression Scale (ZDS), and the Diagnostic Interview Schedule (DIS-IV) based on the DSM-IV.
These tools are useful for evaluating depression in research and in the clinic, showing similarities and differences between them. The semi-structured questionnaires that follow the diagnostic criteria of the DSM [4] are considered the gold standard for the diagnosis of MDD. For individuals with DM, there is concern that complaints related to fatigue, reduced libido, sleep disturbances, appetite and weight could be confused with the symptoms of MDD and result in higher scores in diagnostic evaluations. Of the available scales, only the BDI and the Depressive Cognition Scale (DCS) have been validated in clinical samples of individuals with DM [61, 62] .
A recent study [63] comparing some of the abovementioned methods, proved possible differences in evaluation. However, the specificity and sensitivity of each test remained the same. In clarification of some of the differences between the scores, the author reported that the ZDS is a self-administered scale meant to be quickly applied and is generally used for monitoring and screening. Similarly, the CES-D scale [63] , which has a different age cutoff point, was published in 1977 as a depression screening tool for the population in general and considers affective and somatic aspects of depression.
Another scale used widely since 1960 is the HDRS, which was developed to measure the severity of depression in hospitalized individuals and has undergone many changes over time. However, the HDRS evaluates primarily somatic symptoms and only a few cognitive or affective symptoms [63] . The difference in inclusion of somatic symptoms, emotional symptoms, or both in the depression assessment scales may have contributed to the difference in prevalence data from the studies included in our meta-analysis.
The BDI and the DCS are two scales that have been specifically validated in patients with DM. The BDI has a cutoff of 18 years of age for the general population and 16 years for individuals with diabe-tes. It is self-applied and considered quick and easy to use. However, completion requires cooperation and higher education. Our analysis indicated a difference in prevalence in the results of the original studies that may have been due to the different cutoff points [61] .
The BDI is the most used self-rating scale and was created in 1961. It consists of 21 items on emotional, behavioural and somatic symptoms, with a specificity rate of 97% and a sensitivity of 99% for identifying patients with major depression [63] . In 1996, the second version of this instrument was validated, the BDI-II. The BDI-II has been compared to a more recent study and was still found to have test utility [63, 64] .
The GDS is another scale for diagnosing depression. A study that reviewed publications using the GDS found that for older people without dementia, the test is accurate, easily administered and is the most recommended for cohort studies [63, 65] . A systematic review of the PHQ-9 and the shortened version, PHQ-8, revealed that both are well-validated and brief measures for detecting and monitoring depression, anxiety and somatization [66] . The DIS-IV is the only fully structured questionnaire for use by non-clinical interviewers. It is fully structured in order to avoid deviations, and it allows for valid and reliable diagnoses of the major psychiatric disorders according to the DSM-IV [67] .
The differences between the scales used in the included studies help clarify the heterogeneity revealed in our meta-analysis. Further emphasizing this issue, a meta-analysis [15] of 42 publications before 2000 revealed an association between Diabetes Melitus Type 1 and general depression and concluded that diabetes doubled the risk of depression. They also found that the scales used, in addition to sample characteristics, affected the reported prevalences [64] .
We conclude that MDD was associated with individuals affected by T2DM in the included studies and that the prevalence was high, independent of geographic location. There was heterogeneity between the studies and therefore we recommend that the data presented here should be interpreted with caution. We emphasize the importance of standardization of MDD diagnosis methods to ensure the methodological quality of future studies.
